Abstract
Introduction
Amyloidosis is a group of rare systemic diseases in which a specific protein, amyloid, is deposited as aggregated interstitial fibrils that can compromise organ function and lead to death [1] . Amyloid deposition may be found in many organs; however, most of the time renal involvement dominates the clinical picture [2] . Patients typically present with nephrotic syndrome and progressive renal failure, leading to end stage renal disease (ESRD) [3] .
The natural history of AA amyloidosis is typically progressive, leading to organ failure and death, when the underlying inflammatory diseases remain active [4] . Therapeutic possibilities, which could affect the development of AA amyloidosis, are rather limited. However, long-term survival depends, particularly, on the achievement of stable, complete control of the underlying inflammatory process [1] .
Although renal involvement is quite common in systemic amyloidosis, data on survival and renal outcome of patients with this problem is scarce. Complications of ESRD are the main cause of death, and median survival after diagnosis varies between four and ten years [2, 5] . Joss et al. [2] demonstrated that albuminuria and impaired renal function are poor prognostic factors in patients with AA amyloidosis.
Amyloid nephropathy is common in Turkey due to the high incidence of Familial Mediterranean Fever (FMF) and infections, especially tuberculosis. In this paper, we retrospectively analyzed etiology, clinical and laboratory features and also the ultimate outcome of the patients with AA amyloidosis.
Materials and Methods
The files of 80 patients [52 males, 28 females; mean age 42.33±15.45 (range 17-77) years] with biopsy-proven systemic AA amyloidosis were retrospectively reviewed. All patients with at least one clinical control after diagnosis were included in the study. Seven patients were excluded because they were lost to follow-up.
Biopsy indications for the patients during the initial diagnosis were proteinuria, nephrotic syndrome, and/or renal dysfunction. All patients had evidence of amyloid deposits in renal biopsy and/or in alternate site biopsies such as gastrointestinal tract (GIT) (esophagus, antrum, duodenum and rectum) or gingiva.
Amyloidosis was histologically proven in all patients by light microscopy using hematoxylin-eosin (HE) and crystal violet staining. All of the specimens were evaluated by the same pathologist. Amyloid-A component antibody was investigated through immunohistochemical study.
The following clinical and laboratory variables were evaluated: age, gender, underlying disease; serum urea, creatinine, albumin, cholesterol, triglyceride levels; and also quantity of daily proteinuria. The creatinine clearance was calculated by means of the MDRD-4 formula. Renal disease was classified according to K/DOQI-NKF guideline. Date of onset and type of dialysis and causes of death were recorded, if identified.
Follow-up period included the duration from diagnosis to the last clinical control or to death of the patients. The primary end-points were the start of renal replacement therapy and death. Renal survival was calculated using the time interval between diagnosis and the beginning of dialysis (kidney death).
In general, treatment aimed to suppress the activity of the underlying disease. Also, all patients underwent supportive therapy for both nephrotic syndrome and/or renal insufficiency including, when required, renal-replacement therapy.
The cause of death was systematically investigated and registered in order to differentiate the conditions directly related to progression of amyloidosis (cachexia, malnutrition, infection) or related to the complications of renal disease such as hyperkalemia and hypervolemia. Deaths were recorded as 'unknown' whenever the exact cause was not reported. 
Statistics

Results
Of the 73 patients, 49 were males and 24 females. Mean age was 41.85±15.89 (range 17-77) years. The mean follow-up period was 21.10±20.76 (0.5 to 101.1) months. Demographic features of the patients, etiology and laboratory findings at diagnosis are shown in table 1. FMF and tuberculosis were the most frequent causes of amyloidosis, being followed by chronic obstructive pulmonary disease and chronic rheumatologic diseases. The patients with tuberculosis as the etiology of amyloidosis were significantly older, had lower serum albumin and higher daily proteinuria than the patients with FMF at the time of diagnosis (table 2). The histological diagnosis of amyloidosis had been made by renal biopsies in 57.53% patients. Gastrointestinal tract (GIT) biopsies had also been performed when renal biopsy was contraindicated. Amyloidosis was found to be present in 98.36% of the duodenal biopsies, 85.71% of the antral biopsies, 83.93% of the rectal biopsies, 54.29% of the esophageal biopsies and 27.27% of the gingival biopsies. In renal biopsy specimens, amyloid deposits were mainly located at the glomerulus showing a mesangial nodular pattern. In most of them, amyloid deposition was found at the blood vessel walls as well. In the histological examination of the gastrointestinal biopsy specimens, amyloid deposits were located in the vascular walls and stroma of the lamina propria, mucosa, and submucosa. By immunohistochemical study, all biopsy samples were positive for amyloid A component antibody.
41 patients were admitted with a clinical picture of nephrotic syndrome. Mean serum creatinine and urea levels at diagnosis were 4.65±4.89 (range: 0.4-19.6) mg/dl and 96.80±84.91 (range: 3-345) mg/dl, respectively. At this time point, stage I, II, III, IV and V renal disease were present in 19.2%, 13.7%, 16.4%, 11%, and 39.7% of the patients, respectively. At the time of diagnosis, 5 patients were anuric. In the remaining patients, mean proteinuria was 8.04±6.09 (range 0.4-25) g/day; 19 patients (26.03%) had urinary protein excretion more than 10 g per day; in 5 patients (6.85%) this amount exceeded even 20 g per day. Mean serum albumin level was 2.45±1.01 (range: 0.7-5.2) g/dl; serum albumin concentration was less than 3.5 g/dl in 61 (83.56%) patients.
Survival
Thirty of the 73 patients died during the follow-up period. Patient survival was mean 55.52±6.12 (median: 35.90) months. 19 of the 30 patients died during the first 12 months, 10 patients died between 12-24 months and 1 patient died at the 36th month. One and two year survival rates were 53% and 50.3%, respectively.
The nonsurvivors were significantly older, more frequently suffered from tuberculosis, and had more advanced renal disease and lower serum albumin. Patients with FMF as the etiology of amyloidosis were characterized by a more favourable outcome. There were no differences considering gender, urea, cholesterol, triglyceride levels or proteinuria at diagnosis between the survivors and nonsurvivors (table 3) .
A multivariate logistic regression analysis, (which included the variables of age, presence of tuberculosis, advanced stage chronic kidney disease defined as stage IV and V, serum urea, creatinine and albumin levels), indicated hypoalbuminemia as a predictor of death ( figure 1 .
One-year patient survival rates, in patients with serum albumin ≥3.5 g/dl and <3.5 g/dl were 91.7±8.0% and 67.6±6.3%, respectively (table 5; figure 2).
Survival rate was not different with regard to serum cholesterol (≥200 mg/dl versus <200 mg/dl), triglyceride (≥200 mg/dl versus <200 mg/dl) and proteinuria (≥3.5 g/day versus <3.5 g/day) levels (table 5) .
Dialysis
In 29 (39.7%) of the 73 patients, ESRD was present at diagnosis. During the follow-up period, ESRD developed in 16 of the remaining patients as well. All of the ESRD patients started a dialysis programme. 41 patients were treated by hemodialysis (HD), while 4 patients started peritoneal dialysis (PD). During the follow-up period, 8 HD patients were switched from HD to PD, while 1 PD patient was switched from PD to HD. The median followup period on dialysis was 8.47±12.50 months; this duration was 6.12±12.07 months in PD and 3.80±11.97 in HD.
Median survival on dialysis was 20.13 months. Survival in patients who needed dialysis treatment and in patients who were not on dialysis was 33.14±4.64 and 76.85±8.66 months, respectively. In patients receiving dialysis, one and two-year patient survival was 64.4±7.4% Table 4 . Multivariate logistic regression analysis of the factors that may affect mortality Survival on dialysis was similar in males (mean 23.61±2.73 months) as compared to females (mean 27.41±8.65 months) (p=0.519). The survival of dialysis patients was better when age was less than 45 years. Survival on dialysis did not differ significantly with regard to underlying etiology of AA amyloidosis. 
Cause of death
At the end of follow-up period, 30 patients (41.1%) died. In 12 of these patients, amyloidosis caused chronic nutritional debility, which led to cachexia, malnutrition, infection and death. Seven of the 30 deaths were related to the complications of renal disease i.e. hyperkalemia, hypervolemia. The cause was unknown in 11 patients.
Discussion
AA amyloidosis is a relatively rare disease, which may complicate chronic inflammatory diseases, chronic infections and FMF [2] . FMF appears to be the leading cause of AA amyloidosis in Turkey, followed by tuberculosis [6] ; a similar etiologic pattern was observed in the present study as well.
The definite diagnosis of amyloidosis can be made by biopsy and microscopic demonstration of the typical amyloid deposits. Although kidney biopsy is positive in 100% of symptomatic cases, it necessitates hospitalization and carries a risk of bleeding; hence, less invasive biopsy sites have been suggested [7] . Duodenal biopsy is sensitive for diagnosing amyloidosis in chronic kidney disease patients, and highly correlates with renal amyloidosis [8] . Likewise, in the present study, we performed gastrointestinal tract (GIT) biopsies in patients with chronic kidney disease when renal biopsy was contraindicated.
The time of diagnosis was very late in our study; (serum creatinine > 4mg%) as far as renal disease is concerned. To our opinion there are 2 main reasons for this late referral:
1. Primary care physicians are not educated well enough for early referral to the nephrologists. 2. Health care system is not well organized in our country, which may result in unacceptable delays, even if the patients were referred by the primary care physicians in an early phase of the disease. This issue has been inserted into the discussion.
The natural history of AA amyloidosis is typically progressive, leading to multiple organ failure and death [4] . The prognosis of the patients with AA amyloidosis is difficult to determine from published series. It depends crucially on whether the report comes from a renal or a rheumatological unit [2] . Reports from renal units give a median survival of 24-31 months [9] [10] [11] while patients described from rheumatological units appear to have a better prognosis, with 5-year survival rates varying between 27% in untreated, and 93% in treated patients [12] [13] [14] [15] . The most likely reason for this discrepancy is unfavourable effects of renal dysfunction on the ultimate outcome. Renal function is not always provided in reports from rheumatological units; in the studies that commented on renal function the GFR was generally about 50-60 ml/min compared to 20-30 ml/min in renal series [2] . The median calculated creatinine clearance was 27.00±52.49 ml/min in the present study and the median survival was 35.9 months which is better than reported results from other renal units.
Despite the fact that AA amyloidosis is a well-recognized complication of inflammatory diseases, there are very few studies evaluating prognostic markers, natural history and treatment of this disorder [2, 16] .
Renal failure and a low serum albumin at diagnosis have been suggested as the most important predictors for a poor outcome [11, 17] . Gertz et al. [11] analyzed 64 patients with AA amyloidosis and demonstrated that renal dysfunction (serum creatinine value of > 2 mg/ dl) at presentation is strongly associated with shorter survival. Other studies confirmed that serum creatinine concentration is an important predictive factor for the survival of AA amyloidosis patients, as well [16, 18] . In the present study, a finding deserves special mention: although low serum albumin was the strongest predictor of death, proteinuria did not show this significance. We suggest that this may be a sign that malnutrition and GI involvement may ultimately be at least as important as renal disease in patients with AA amyloidosis. On the other hand, we cannot provide specific data to prove this hypothesis; mainly because, except one, all of the cases, who were performed GI endoscopy and biopsy suffered from GI amyloidosis as well in addition to renal amyloidosis.
The relationship between nephrotic syndrome and prognosis has been discussed in the literature. These studies have indicated that patients with nephrotic syndrome suffer from a worse prognosis [19] . Recently, it has been suggested that patients with chronic arthritis and proteinuria at baseline may predict mortality [20] . This suggestion is in line with some other studies, which show that reduced serum albumin is associated with a poor prognosis [21] .
Joss et al. [2] have suggested that patients commenced renal replacement therapy or died within 3 months were significantly older, suffered from more advanced renal disease, more severe albuminuria and a lower serum albumin level. Also, they were more likely to be male and have a non-rheumatological etiology.
Another study has identified C-reactive protein (or serum amyloid A protein) during follow-up as prognostic markers [22] .
In the present study, the patients who died were significantly older, more frequently suffered from tuberculosis, but less frequently suffered from FMF, and had more advanced renal disease and lower serum albumin. Serum albumin was a predictor of mortality in logistic regression analysis.
Either HD or PD can be used for treatment of ESRD due to amyloidosis. Moroni et al. [23] did not find any difference in survival at any time during dialysis between patients on HD or PD. However, HD had been suggested as the preferred dialysis modality [24] because PD can worsen hypoalbuminemia because of loss of amino acids to the peritoneal dialysate [25] . In the present study, most of the patients received HD treatment.
Survival of patients on dialysis treatment varies world-wide: a large American study found a median survival on dialysis of 20 months [26] . In the results of an Italian study, median survival was 25 months [23] . A Spanish study reported more encouraging results with a median survival of 52 months [27] . In the present study, median survival in dialysis patients was found to be 20.13 months.
In the literature, survival on dialysis has been particularly poor in males [2] , but the effect of age is not clear. In a study, age did not affect survival on dialysis [2] while in another study, the survival was better among patients less than 45 years of age [25] . In the present study, gender difference did not affect survival on dialysis; however, the survival of dialysis patients was better among patients less than 45 years of age.
The underlying etiology of amyloidosis may have an effect on the ultimate outcome during dialysis, as well. Survival on dialysis has been suggested to be better in patients with AA amyloidosis complicating a rheumatological disorder. Median survival of the patients with a chronic rheumatological diagnosis was found to be of 32.2 months as compared to those with a non-rheumatological cause in whom survival was 3.2 months (p=0.007) [2] . The patients with tuberculosis as their underlying cause of AA amyloidosis fared particularly poorly [2] . In the present study, survival on dialysis was similar in patients with FMF or tuberculosis compared to others as their underlying cause of AA amyloidosis. Although tuberculosis was a bad prognostic indicator in the predialysis period, this effect disappeared in patients receiving dialysis. We can only speculate on this finding by hypothesizing that, many confounding factors that can have an effect on the ultimate prognosis may blunt the effect of the primary etiology. Successful therapy of the underlying disease may be beneficial for the course of renal disease. However, in the present series, it is not possible to prove this hypothesis mainly for 2 reasons:
1. Majority of the patients were admitted to our institution with already advanced renal failure. 2. Since many different therapeutic schedules had been used in these patients and drug information was unavaliable, it was impossible to analyse the effects of treatment of the primary disease on the course of amyloidosis.
Generally renal failure and infection are the most common causes of death in patients with amyloidosis [13] . In a Dutch study, 35% of the patients died from renal failure; the other causes included infection, gastrointestinal bleeding, bowel perforation and myocardial infarction [28] . In the Bristol study, infection accounted for 24% of deaths [10] , compared to 8.5% of infectious mortality in the report from the Mayo clinic [11] . Our data shows that main causes of death in these patients were related to progression of amyloidosis (cachexia, malnutrition, infection) and complications of renal disease (hyperkalemia and hypervolemia).
Conclusion
The ultimate outcome of the patients with AA amyloidosis is poor. The vast majority of the patients admit to nephrology clinics with already established ESRD. Early referral may be helpful to improve prognosis.
